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Abstract
The Leishmania cell surface virulence factor gp63 is a protease family that plays an important role in the survival of the
parasite protozoon into the host macrophages. We have cloned and characterised the gp63 gene from L. infantum. The
sequence analysis of the gene indicates the existence of a high degree of conservation with the other old world species L.
major and L. dono˝ani. The similarity is lower with new world species with the exception of L. chagasi which shows a
 .strikingly high percentage of identity 99–100% . In L. infantum the gp63 gene expresses two polypeptides of 58 and 60
kDa, respectively, which show a similar proteolytic activity. The 60 kDa polypeptide is expressed during the whole life
cycle of the promastigote form of the parasite with a moderate increase at the stationary phase of growth while the 58 kDa
product, although slightly present in the logarithmic phase, notable increases its expression during the highly infectious
stationary phase. RNA analysis showed that the presence in L. chagasi of these two polypeptides correlates with two RNA
molecules and with the degree of parasite infectivity, whereas in the case of L. infantum a single 3 kb messenger RNA is
detected through the whole promastigote life cycle. Our data indicate that in L. infantum, the differences in gene expression
of the gp63 protease family according to parasite phase of growth seem to be due to a differential pattern of glycosilation of
the polypeptides which correlates with the different infective forms of the promastigote form of the parasite.
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1. Introduction
Leishmania infantum is a parasite protozoon re-
sponsible for visceral Leishmaniasis at the Northern
w xMediterranean basin 1 . The parasite presents two
forms, one extracellular, named promastigote, which
lives at the gut of the insect vector and one intra-
cellular, amastigote, only present in the mammalian
host macrophages. The promastigote phase undergoes
a process called metacyclogenesis to become a highly
infectious parasite before entering to the host
w xmacrophage 2 . This process is mimicked by the
promastigotes in liquid medium culture which devel-
ops from a less infectious form during logarithmic
growth to a highly infectious form at the stationary
w xphase 3 . The outcome of the infection largely de-
pends upon the immune response and it may result in
either an asymptomatic infection, derived from a
protective immunity, or a disseminated fatal disease.
This response is based on the antigens presented by
the parasite which facilitate the recognition by the
host antigen presenting cells, and the equilibrium
w xelicited between the CD4qT cell subsets 4,5 . Vac-
cination with live parasites can be as troublesome as
the disease and the attenuated Leishmania parasite
vaccines, including the gene modified ‘safe’ mutants,
present the risk of reactivation especially in AIDS
patients where Leishmaniasis is an opportunistic in-
w xfection 6–8 . These complications led to the devel-
opment of new vaccines using purified Leishmania
surface molecules either directly as immunogens or
throughout live vaccine vehicles engineered with the
w xcorresponding antigen encoding genes 9–11 .
The major surface glycoprotein gp63, a parasite
w xvirulence factor 12 , has been widely used to elicit
w xprotection in mice 9–11 . This surface protein is a
Zn2q metalloproteinase with a wide optimum of pH
w x w x13 , present in both phases of the parasite 14 . Gp63
has been identified as a protein family with different
molecular weight polypeptides depending upon the
species and related to the promastigote-macrophage
w xbinding 12 . The level of gp63 expression correlates
w xwith Leishmania infectivity 15,16 .
The surface expression of the different gp63 poly-
peptides has been correlated in L. chagasi with the
different phases of culture of promastigotes. The 63
kDa polypeptide will be expressed during the whole
cycle of the promastigote whereas the 59 kDa protein
w xwill only appear at the virulent stationary phase 17 .
This differential expression is attributed to a different
mechanism of post-translational processing of the
w xsame RNAs at the different parasite stages 18 .
The genomic organisation and sequences of the
genes encoding for gp63 have been studied in differ-
ent Leishmania species. The nucleotide sequence
w x w xcomparison on L. mexicana 19 , L. guyanensis 20 ,
w x w x w xL. dono˝ani 21 , L. major 22 and L. chagasi 23
showed highly conserved coding regions. In all
species examined, gp63 is encoded by multiple genes,
w xranging from six to eighteen 19–23 .
In this report, we present the characterisation of a
gp63 gene from Leishmania infantum, the European
species responsible for visceral Leishmaniasis as well
as the differential expression of the two gene prod-
ucts with the different growing phases which in most
of the studied species correlates with the virulence
w xstatus of the parasite 3 . The molecular weight differ-
ences between the two components of the gp63 fam-
ily are due to variations in the glycosilation of the
polypeptides and are developmentally regulated. The
gp63 gene presents a striking nucleotide sequence
similarity with L. chagasi but remarkable expression
differences. The variations in the gp63 family be-
tween new and old world species are discussed.
2. Materials and methods
2.1. Parasite strains
Leishmania infantum PB75 promatigotes were
kindly provided by Dr. J. Alvar. Reference Parasitol-
ogy Service, Instituto de Salud Carlos III, Majada-
.honda, Madrid, Spain . Promastigotes were cultured
in vitro at 288C in RPMI 1640 modified medium
 .Gibco, Middlesex, UK supplemented with 10% heat
inactivated fetal bovine serum Flow Laboratories,
.UK . For most experiments, promastigote cultures
were initiated at 1=106 parasitesrml and harvested
in logarithmic or stationary phase of growth, corre-
sponding to two and eight days of culture respec-
tively, as defined by morphology and cell concentra-
w xtion 24 . The amastigote form of the parasite was
obtained from promastigote infected J774 irradiated
 .cells 20:1 parasitercell ratio . After twelve days of
culture in RPMI medium supplemented with 5% of
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heat inactivated fetal serum at 378C, cells were
scrapped with a rubber policeman, disrupted and
subjected to a centrifugation at 990=g for 15 min in
 .a discontinuous 20–80% Ficoll gradient. The
amastigotes were collected from the gradient inter-
w xface and cultured in Pan and Pan medium 25 sup-
plemented with 20% heat inactivated fetal serum at
398C.
2.2. DNA probes
On the basis of gp63 consensus sequence two
oligonucleotides were designed, 5X-GTCACG-
CACGAGATGGCGCAC-3X and 5X-GAAGTCCGC-
X w xCTGGTAGAAGCC-3 , for use in PCR 21 . A 330
bp fragment was amplified from genomic L. infan-
tum DNA, gel-purified, cloned into Bluescript plas-
mid and sequenced to confirm their identity. This
probe was used to analyse the genomic library. A
Sph1 digestion fragment of the complete GP63 se-
quenced gene was employed to analyse the 3X-flank-
ing region of L. infantum gp63 locus. DNA probes
 32 .were labelled with a P -dCTP by the random
primer method according with the manufacturer’s
 .instructions Boehringer .
2.3. Genomic library construction and screening
Genomic DNA from L. infantum was prepared as
w xpreviously described 23 . DNA was partially di-
gested with Sau3A and fractionated on a 10–40%
w xsucrose gradient 26 . DNA fragments were ligated
into a predigested BamHI l DASH II vector
 .Stratagene, La Jolla, CA and packaged using Giga-
 .pack II Gold packaging extract Stratagene . To iso-
late the full-length gp63 gene, the genomic library
was screened with the radiolabelled PCR product.
Selected phage clones were amplified, purified in
w xglycerol gradients and their DNAs isolated 26 . Phage
DNA samples were digested with restriction enzymes
and analysed by DNA hybridization. Restriction frag-
ments of interest from phage clones were subcloned
in Bluescript plasmid and the recombinant plasmids
were examined by Southern blotting and DNA se-
quencing. The DNA sequence was performed by
w xdouble-stranded dideoxy sequencing 27 with the
Sequenasew sequencing kit Version 2.0 from United
States Biochemical. Sequences were analysed with
the sequence analysis software Package of the Uni-
w xversity of Wisconsin Genetics computer Group 28 .
The oligonucleotides used in the gp63 gene sequenc-
ing were: sense primers: 5X-ACACGCACGCGCCA-
X  . XCCG-3 nt:405–422 ; 5 -GTCACGCACGAGATGG-
X  . XCGCAC-3 nt:1270–1290 ; 5 -AACGTCTTCTCCG-
X  . XACGCGGCG-3 nt:1927–1947 ; 5 -ACGTGCAGG-
X  .CTGCCAAGG-3 nt:2189–2206 ; antisense primers:
5X-CACCGACTGCCGCACGCGTGCCTGC-3X
 . Xnt:678–655 ; 5 -CTTCAGCCGCTCCGTGTGCAG-
X  . X3 nt:1005–985 ; 5 -GAAGTCCGCCTGGTAGGA-
X  . XAGCC-3 nt:1602–1582 ; 5 -GCTCAACTCTGAG-
X  . XGCCCGGCGTGCA-3 nt:2113–2089 ; 5 -CTAGA-
X  .GCGCCACGGCCAGCAG-3 nt:2295–2275 .
2.4. Nucleic acid hybridization
DNA samples were digested with restriction en-
donucleases, subjected to electrophoresis in agarose
gels and transferred to nylon membranes following
w xstandard procedures 26 . Blots were hybridized at
658C for 16 h in: 6= SSC, 5= Denhardt’s mix,
0.5% SDS, 100 mgrml salmon sperm DNA. Filters
were washed twice at room temperature for 10 min in
2= SSC, 0.1% SDS at 658C followed by two washes
of 15 min at 658C in 0.1= SSC, 0.1% SDS. Blots
were analysed by autoradiography and the relative
intensity of the bands quantified by scanning den-
sitometry Molecular Dynamics, Computing Densito-
.meter, Image Quant Software Version 3.3 .
Total RNA was isolated from logarithmic and
metacyclic promastigotes using RNeasy Total RNA
kit from Quiagen according to manufacturer proce-
dure. For Northern blot analysis, 5 mg of total RNA
were fractionated in formaldehyde agarose gels,
w xtransferred onto nitrocellulose paper 26 and hy-
bridized with the described PCR probe for the gp63
coding region, as in the Southern blot analysis.
2.5. Preparation of Leishmania membranes
Stationary or logarithmic phase promastigotes or
amastigotes were suspended at 2.5=108rml in 20
mM Tris, pH 7.3, 10 mM EDTA, 4 mM NaCl, 1 mM
PMSF, 1 mM Iodoacetamide and lysed in a nitrogen
cavitation chamber. After the removal of larger parti-
cles by centrifugation at 1000=g, membranes were
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pelleted at 50 000=g for 60 min at 48C, suspended
in 0.1% Triton X-100, 20 mM Tris, pH 7.3, 1 mM
PMSF, 1 mM Iodoacetamide and centrifuged again at
50 000=g for 60 min at 48C. The supernatants
containing the Triton X-100 soluble proteins were
recovered and stored at y208C before use.
2.6. Electrophoresis and immunoblotting
Promastigote cell lysates were obtained as previ-
w xously described 23 . Proteins were separated by
SDS-PAGE on 8% slab gels, according to Laemmli
w x29 . In all cases, unless indicated, 10 mg were
loaded per well. After electrophoresis, gels were
 .blotted onto nitrocellulose sheets Hybond-ECL and
blocked in 5% BSA. Immunoblots were incubated
with 1:3000 polyclonal rabbit antiserum raised against
a peptide sequence LSa: His-Ileu-Lys-Arg-Arg-Leu-
.Gly-Gly-Val-Asp-Ileu-Cys , present in logarithmic
and stationary gp63 proteins in L. chagasi, kindly
w xprovided by Dr. Donelson 23 . Immunoblots were
developed using the ECL detection system, according
 .manufacturer’s protocol Amersham . Gp63 protease
activity was determined using fibrinogen containing
w xpolyacrylamide gels as described 30 .
2.7. gp63 treatment with endoglycosidase F and
( )phospholipase C PI-PLC
N-Deglycosilation of 20 mg of heat denatured
 .Triton X-100 soluble membrane proteins 2 mgrml
was performed in sodium acetate buffer 50 mM
sodium acetate, pH 5, 50 mM EDTA, 0.2% SDS, 1%
.b-mercaptoethanol using increasing concentrations
 . from 0.05 to 0.9 U of endoglycosidase F Boeh-
.ringer Mannheim for 1 h at 378C in a total volume
of 100 ml. Phospholipase C digestion of 20 mg of
Triton X-100 membrane protein extract was done in
triethanolamine buffer 70 mM triethanolamine, pH
.  .7.5 using increasing amounts from 0.5 to 1 U of
 .PI-PLC Boehringer Mannheim for 30 min at 378C
in a total volume of 100 ml. The reactions were
stopped by the addition of 100 ml of cold elec-
trophoresis sample buffer containing 1% SDS and
frozen on dry ice. Subsequent SDS-PAGE and im-
munoblots were performed as indicated above.
2.8. Immunofluorescence
 6.L. infantum promastigotes 10 in 200 ml of PBS
were incubated with 5 ml of rabbit polyclonal anti
 .gp63 antibody dil 1:100 , for 30 minutes at 48C.
Cells were washed twice with 1 ml of PBS and
suspended in a final volume of 100 ml to which 7 ml
 .of FITC anti rabbit antibody Sigma, dil. 1:64 were
added. After 30 min of incubation at 48C, cells were
washed three times with PBS, mounted on glass
slides and analysed by immunofluorescence mi-
croscopy.
3. Results
3.1. Cloning of L. infantum GP63 gene
A L. infantum genomic DNA library was con-
structed in the l-DASH II cloning vector and screened
for gp63 protein coding gene with a PCR product
obtained by amplification of the gp63 coding region.
After screening 1=105 plaques, thirty positive clones
were obtained, four of which lD63-3, lD63-5,
.lD63-7, lD63-17 were mapped with the restriction
enzymes: Asp 718, Nco I, Sca I showing a 3kb
 .common fragment data not shown . The 3 kb Asp718
fragment of the phage lD63-6 was subcloned into
 .the Asp718 site of the pUC119 vector pLi63-6 and
sequenced using the oligonucleotides indicated Sec-
tion 2. The nucleotide and deduced amino acid se-
quences are shown in Fig. 1. The pLi63-6 insert
contains the complete coding region of the gp63 gene
Fig. 1. Nucleotide and deduced amino acid sequences of the Leishmania infantum gp63 gene. The nucleotide sequence is displayed in the
5X to 3X direction with the first base of the ATG initiation codon at position 495 and the third base of the TAG stop codon at position
2295. The derived amino acid sequence is shown in the single-letter amino acid code. The proposed spliced leader acceptor at position
 .357 is indicated by bold letters. The hexanucleotide repeated sequences and the conserved T cell determinant 244-268 are included in
open boxes. The putative cleavage signal sequences between Ala-39 and His-40, the potential cleavage site between Val-97 and Val-98
and the proposed cleavage site implicated in GPI anchor attachment are indicated by arrows. The Asn residue implicated in GPI binding
is indicated by a circle. All three motifs implicated in enzymatic activity, Zn2q binding site, glutamic catalytic ligand site and the cysteine
residue which acts in a cysteine switch mechanism, are included in black boxes. Potential N-glycosylation sites are indicated by asterisk.
The LSa peptide is underlined. The sequences of the primers used for PCR are included into black boxes.
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 .1797 nt encoding a polypeptide of 599 amino acids
and an intergenic region of 1250 base pairs. The
5X-flanking region contains three direct repeats of the
 .hexanucleotide sequence CTCGCC identical to
w xthose described in other species 22 . The spliced
 .leader consensus sequence AG is located at nu-
cleotide 357 immediately preceded by a polypirimi-
w xdine tract essential for gene expression 31 . As an
ectoproteinase, L. infantum gp63 is synthesized as a
precursor protein, which possesses a putative cleav-
age signal sequence site between Ala-39 and His-40
and a potential propeptide cleavage site between Val-
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97 and Val-98. The deduced amino acid sequence
predicted from L. infantum genomic clone contains
 .three potential N-glycosylation sites N-P-SrT-P at
positions 297–300, 394–397 and 531–534. Further-
more, the protein contains the Zn2q binding site
implicated in metalloprotease activity, a glutamic acid
at position 405 that provides a potential glutamyl
w xcatalytic ligand site 32 and in the propeptide region
a cysteine residue at position 48, which acts in a
w xcysteine switch mechanism 33 . These motifs con-
served in all Leishmania species, have been de-
scribed to be important for enzymatic activity. The
proposed cleavage site implicated in glycosyl-phos-
 .phatidyl-inositol GPI anchor attachment at the car-
boxy terminus is located at amino acid residue Asn-
574 in a small domain within a hydrophobic stretch
w xof 14 amino acids as described before 34,35 . The T
cell determinant that activates the Th1 subset in L.
w xmajor 36 appears to be conserved in the gp63 L.
 .infantum sequence 244–268 . The comparison of
gp63 amino acid and nucleotide sequences, corre-
sponding to the coding regions, of different Leishma-
nia species, results in the identity percentages showed
in Table 1. The higher degree of identity, 100%, was
obtained with L. chagasi logarithmic gene which
presents a single change at the 5X non coding region
w x36 . The stationary phase gp63 is almost identical
 .99% . The comparison with old and new world
species showed different percentages of identity, be-
ing significantly lower with new world species with
the remarkable exception of the gp63 proteins from
L. chagasi. These data confirm the high degree of
Table 1
Percentage of identity between L. infantum gp63 amino acid and
nucleotide sequence and other Leishmania species
Species AA sequence NT sequence
L. chagasi
sta 99 99
log 100 100
L. major 86 91.6
L. dono˝ani 90 92
L. mexicana 75 84.1
L. guyanensis 69.1 73
Note: log, logarithmic growth phase which corresponds to two
days of culture; sta, stationary growth phase which corresponds
to 8 days of culture. Sequence comparisons have been carried out
 .on the basis of the whole gene coding region see Fig. 1 .
conservation of gp63 among different species of
Leishmania, as well as, the existence of some dis-
tance between new world and old world Leishmania
sp.
3.2. Chromosomal organisation
The hybridization pattern indicates that the genome
of L. infantum contains multiple copies of the gp63
 .gene Fig. 2A . Digestion of genomic DNA with the
restriction enzymes Asp718, Alwnl, Ncol, and A˝al,
that have unique recognition site within gp63 L.
infantum gene, generate a predominant 3 kb genomic
fragment, which corresponds to the minimal fragment
size of a repeat unit containing the equivalent of a
complete gene. However, these restriction enzymes
also yield several secondary hybridization fragments,
suggesting the existence of additional genes. Com-
pleted digestion of genomic DNA with EcoRI gener-
 .ated a band in the upper 20 kb range Fig. 2A ,
suggesting that all of the L. infantum genes are
linked on a single fragment. A chromosomal blot of
L. infantum on a CHEF gel suggest that all of the
w xgp63 genes are on a single 750 kb chromosome 22 .
When L. infantum genomic DNA was partially
digested with Asp718, a ladder of at least 6 fragments
with a 3 kb spacing was detected with the PCR
fragment of gp63 coding region, indicating the exis-
tence of at least 6 tandemly arranged copies of the
gp63 gene in L. infantum. When the DNA was
 .completely digested by Asp718 3 h , that has the
recognition site in the 3X-flanking region, Southern
analysis shows two different fragments, the 3 kb
fragment corresponding to the 3 kb repeat unit and a
 .larger fragment around 18 kb corresponding to the
 .upstream sequence of gp63 gene locus Fig. 2B .
ClaI digestion generate three hybridizing fragments
of 6, 3.2 and 2.5 kb size respectively, suggesting the
existence of at least two other gp63 genes, located
upstream of the tandemly repeated gene. This two
genes seem to be slightly different from the gene
cloned in this paper, as can be deduced by the
restriction pattern. The hybridization pattern of com-
plete digested DNA with Asp 718 and ClaI sample
. X4 and Cla I in Fig. 2B with a probe for the 3 -flank-
 .ing region Fig. 2C showed a similar pattern with an
additional band around 20 kb. This indicates a com-
plex gene. A summary of these data is shown in Fig.
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Fig. 2. Southern blot analysis of L. infantum genomic DNA. A. L. infantum genomic DNA was subjected to total digestion with the
indicated restriction enzymes, 3 Kb Gp63 repeat unit was indicated by an arrow. B. Genomic DNA were cleaved with Asp 718 varying
lengths of time, lane 0:0X, lane 1:5X, lane 2:10X, lane 3:30X, lane 4:60X and complete cleaved with Cla I. Cla I fragments were indicated by
 .arrows. A and B The DNA was electrophoresed on a 0.6% agarose gel, transferred to nylon membranes and hybridized with 0.1 mg of
 X. 32  .  .gp63 PCR product Fig. 3A, probe 5 uniformly labelled with P. C Samples corresponding to Lanes 4 and ClaI in B were
rehybridized with the probe specific for 3X-flanking sequence indicated in Fig. 3A, probe 3X, the new Cla I larger fragment was indicated
by an arrow. Hybridizations were carried out as described Section 2. Numbers on the left of each blot indicate size, in kilobases, of mol
wt. markers.
3. As can be seen, the gene structure is less complex
w xthan that described in L. chagasi 23 . Although there
are certain similarities, a comparative analysis with
the published Southern blots from different Leishma-
nia species suggests that L infantum Southern pattern
w xis more similar to that described for L. dono˝ani 21 .
 .Fig. 3. Physical map of the gp63 gene locus in L. infantum. A A physical map of the gp63 gene locus is proposed according to the
restriction pattern obtained with different restriction enzymes. The coding regions are shown as boxes and the intergenic regions as the
 .flanking lines. Slash marks indicate a gap within the gene cluster in which the number of additional genes is not known. A detail of the
 .coding region. B gp 63 gene locus.
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3.3. Northern analysis of gp63 gene
Northern blot analysis of total RNA from logarith-
mic and stationary promastigotes hybridized using
the complete gp63 gene sequence, detected a mRNA
species of approximately 3 kb in both phases of
growth. According to densitometric analysis the
mRNA amount of gp63 in each growth phase was
almost identical. After a longer exposure a 6 kb band
was also detected, which might indicate that the 3 kb
gp63 mRNAs are derived from larger transcripts Fig.
.4 .
3.4. Immunofluorescence
Fig. 5 shows the presence of homogeneous fluo-
rescent label on the surface of the promastigote. This
result agrees with those obtained in other species in
w xwhich this protein family is a surface protease 12 .
3.5. Expression of gp63 protein in the different phases
of L. infantum life cycle
We have analysed the expression of gp63 in pro-
mastigotes of L. infantum. Triton X-100 membrane
protein extracts from promastigotes harvested at dif-
ferent times during the in vitro development from
logarithmic to stationary phase were obtained. Protein
expression was detected by SDS-PAGE and subse-
quent immunoblot with a polyclonal antibody against
LSa peptide that comprises the amino acid sequence
Fig. 4. Northern blot analysis of gp63 gene expression. Total
 .  .  .RNA 5 mgrlane of either logarithmic log or stationary sta
phases, corresponding to 2 and 8 days of culture promastigotes
respectively, was fractionated in 1.5% formaldehyde containing
agarose gel and transferred to a nitrocelulose membrane. The blot
was hybridized with the gp63 coding region probe. Numbers on
 .the left indicate the size of hybridizing fragments kb , as derived
from RNA standards. Similar amounts of RNA were loaded
according to the ethidium bromide analysis.
 6.Fig. 5. Immunofluorescence. Promastigotes 10 either at loga-
rithmic or stationary phases were harvested, resuspended in PBS
and incubated with polyclonal antibody anti-gp63 and subse-
quently with fluoresceinated anti rabbit antibody as described in
Section 2.
 .128–139 in L. infantum see Section 2 and Fig. 1 .
As shown in Fig. 6, two different proteins of 58 and
60 kDa were detected. Both polypeptides present
 .similar protease activity in fibrinogen gels Fig. 6B .
The gp63 polypeptides increased at the stationary
phase. However, there are differences between the
two polypeptides. Whereas the relative amount of the
60 kDa protein present in total extracts increased
moderately during the L. infantum growth, this in-
crease is remarkable for the 58 kDa polypeptide. The
results of a densitometric analysis showed that the
amount of the 58 kDa protein more than triplicate
from logarithmic to stationary phase of cultivation in
vitro. The gp63 polypeptides were absent on the
 .amastigote membrane extracts Fig. 6, lane A .
Fig. 6. Stage regulated gp 63 expression in L. infantum. Samples
were subjected to SDS-PAGE and blotted onto nitrocellulose
paper. The blot was incubated with specific antiserum against L.
chagasi gp63 under the conditions described in Section 2. Equal
 .protein amounts were loaded in each well approximately 10 mg .
.A Triton X-100 membrane extracts from promastigotes har-
 .vested at different days of culture 2 to 8 . Lane A: Triton X-100
 .  .extract 10 mg from amastigote membranes. B Protease activity
 .of Triton X-100 extract 10 mg from promastigote membranes at
stationary phase in fibrinogen PAGE as described in Section 2.
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3.6. Differential glycosilation
Size heterogeneity of the gp63 proteins has been
observed in several Leishmania species and at-
tributed at least in part to differences in N-linked
glycosilation or membrane anchor attachment. In or-
der to determine whether differences in N-linked
glycosilation or GPI attachment, were responsible for
the difference in migration between the 58 and 60
kDa membrane proteins, Triton-X100 membrane ex-
tracts were treated with increasing amounts of endo-
glycosidase F and phosphatidyl-inositol phospholi-
pase C. As shown in Fig. 7, the only detected effect
 .of the PI-PLC treatment B was a slight modification
of the apparent molecular weight of both proteins,
probably as a result of the removal of the GPI lipid
anchor bound to the polypeptides which modifies the
protein structure and subsequently their migration on
a SDS polyacrylamide gel electrophoresis. However,
treatment with increasing amounts of Endoglycosi-
 .dase F A produces the appearance of a single
polypeptide that increases its electrophoretic mobility
with treatment. These results suggest that the 58 and
60 kDa proteins are differentially N-glycosylated iso-
Fig. 7. gp63 protein Endoglycosidase F and PI-PLC treatment.
Western blot with anti-LSa antibody of denatured Triton X-100
soluble membrane proteins from stationary phase promastigotes
 .  .  .that were treated with A 0.0428 lane 1 , 0.0857 lane 2 , 0.428
 .  .  .lane 3 and 0.857 lane 4 units of endoglycosidase F ENDO-F
 .  .  .  . and B with 0.05 lane 1 , 0.1 lane 2 , 0.5 lane 3 and 1 lane
.4 units of PI-PLC. Lane 0 corresponds to control reaction.
forms of the same protein and would agree with the
existence of a single mRNA species.
4. Discussion
We describe here the cloning and sequencing of a
gene encoding for a major surface glycoprotein from
L. infantum, present with minor modifications in all
w xother Leishmania species studied so far 19–23 , as
well as its differential expression along the life cycle
of the promastigote phase of the parasite. This major
surface protease is produced in two different forms
with molecular sizes of 58 and 60 kDa, respectively,
which present similar proteolytic activity. Both forms
show different expression patterns related to the
growth phase of the promastigote. The gp63 poly-
peptides increased its expression concomitantly with
the stationary phase. However, the 60 kDa form is
clearly found in the membrane extracts in both loga-
rithmic and stationary phases, while the expression of
the 58 kDa form of the protein is minimal during
logarithmic phase and reaches its maximum during
the stationary phase. This remarkable increase of the
58 kDa form correlates with the described highly
infectious phase of the promastigote. A similar pat-
w xtern is observed in L. chagasi 17,23 which contains
w xan almost identical gene sequence 34 and two pro-
w xtein products of similar molecular weight 23 . In L.
chagasi, the 63 kDa polypeptide is expressed along
the life cycle of the promastigote and corresponds to
a 2.7 kb mRNA molecule. The 59 kDa polypeptide is
only expressed during the stationary phase, being
absent or at least undetectable at the logarithmic
phase, corresponding with the appearance of a 3.0 kb
mRNA molecule. Those RNA molecules are encoded
w xby different gp63 genes 37 .
Our data obtained in L. infantum demonstrate that
both forms of the protein are expressed in the loga-
 . rithmic attenuated and the stationary highly infec-
.tious phases although with a different cycle of ex-
pression. The expression of both 58 and 60 kDa
forms of the protein correlates with the presence of a
single RNA species of 3.0 kb, in contrast to that
w xobserved in L. chagasi 37 . However, the possibility
of the existence of two different RNA species of the
same size can not be absolutely excluded. The elec-
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trophoretic behaviour of the GPI and glycosidic moi-
ety free polypeptides indicate that the molecular
weight heterogeneity of both polypeptides is due to
changes in their glycosidic fragment rather than to
the differential expression of different genes of the
gp63 family in this Leishmania species. Thus, the
expression of gp63 is apparently post-translationally
regulated as has been described for other Leishmania
w xspecies 38–41 . In spite of the almost identity of the
gene nucleotide sequence with L. chagasi logarith-
mic gp63, there are clear differences in the nature of
the distinct forms of the protein, as well as, in the
DNA pattern and number of gene components the
gp63 family, being more similar to those described
w xfor L. dono˝ani 21 . These data agree with the
similarity but not identity observed by DNA finger-
printing, enzyme electrophoresis analysis and single
w xprimers PCR 42–45 between L. infantum and L.
chagasi. All the data are in favour of an intermediate
phylogenic position of L. infantum between L. dono-
˝ani and L. chagasi.
The expression of the major surface protein family
in this trypanosomatid protozoon is associated with
w xthe infectious ability of the parasite 16 . Small varia-
tions in the expression of this family appear to be
directly involved in the adjustment of the parasite to
different environmental conditions by modifying
properties such as macrophage binding, protease ac-
tivity, and optimum pH. These differences have been
attributed in L. chagasi to the differential expression
of two distinct genes that would regulate the answer
of the parasite to different environments to favour the
w xsurvival of the parasite 12,46 . In the case of L.
infantum both polypeptides, the 60 kDa and the 58
kDa, appear to be products of the same gene differen-
tially modified according to the virulence status of
the parasite. Whether or not this represent an ancestor
mechanism deserves further studies. These studies
will allow to precisely define the role of the differen-
tial expression of gp63 isoforms in a possible mecha-
nism for the survival of the parasite.
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